Combined acute renal and pulmonary failure has a very high mortality. In animals, lung injury develops after shock or visceral or renal ischemia. ␣-Melanocyte-stimulating hormone (␣-MSH) is an antiinflammatory cytokine, which inhibits inflammatory, apoptotic, and cytotoxic pathways implicated in acute renal injury. We sought to determine if ␣-MSH inhibits acute lung injury after renal ischemia and to determine the early mechanisms of ␣-MSH action. Mice were subjected to renal ischemia treated with vehicle or ␣-MSH. At early time points, we measured organ histology, leukocyte accumulation, myeloperoxidase activity, activation of nuclear factor-B, p38 mitogen-activated protein kinase, c-Jun, and activator protein-1 pathways, in addition to messenger RNA for intracellular adhesion molecule-1 and tumor necrosis factor-␣. Renal ischemia rapidly activated kidney and lung nuclear factor-B, p38 mitogen-activated protein kinase, c-Jun, and activator protein-1 pathways, and distant lung injury. ␣-MSH administration immediately before reperfusion significantly decreased kidney and lung injury and prevented activation of kidney and lung transcription factors and stress response genes, and lung intracellular adhesion molecule-1 and tumor necrosis factor-␣ at early time points after renal ischemia/reperfusion. We conclude that distant lung injury occurs rapidly after renal ischemia. ␣-MSH protects against both kidney and lung damage after renal ischemia, in part, by inhibiting activation of transcription factors and stress genes early after renal injury. Keywords: inflammation; nuclear factor-B; p38; leukocytes; intracellular adhesion molecule-1; tumor necrosis factor-␣ The mortality of combined acute renal failure and acute respiratory failure is extremely high, and may approach 80% (1). Severe trauma, burns, hemorrhage, sepsis, shock, or severe local tissue injury can trigger a systemic inflammatory response that leads to multiple organ failure and death (2). There are epidemiologic and pathogenic links between renal and pulmonary injury. Much of the increased risk attributable to acute renal failure after cardiac surgery comes from nonrenal complications such as respiratory failure (3). Severe tissue injury, as occurs after prolonged lower torso ischemia or complicated abdominal aortic aneurysm surgery, can induce acute respiratory distress syndrome (ARDS) (4-6). In animal models, secondary (or distant) lung injury can be triggered by severe local ischemia to the liver (7), GI tract (8), hind limb (9), and kidney (10), or after chemical pancreatitis (Received in original form March 13, 2003; accepted in final form December 30, 2003) Supported by the National Institute of Diabetes and Digestive and Kidney Diseases. (11) . For example, renal ischemia/reperfusion injury increases pulmonary vascular permeability, interstitial edema, alveolar hemorrhage, and red blood cell sludging (10). Because the lung has the largest microcapillary network in the body, it responds to circulating proinflammatory signals with activation of lung macrophages, secretion of proinflammatory cytokines, recruitment of neutrophils and macrophages, and resultant lung injury (12).
. For example, renal ischemia/reperfusion injury increases pulmonary vascular permeability, interstitial edema, alveolar hemorrhage, and red blood cell sludging (10) . Because the lung has the largest microcapillary network in the body, it responds to circulating proinflammatory signals with activation of lung macrophages, secretion of proinflammatory cytokines, recruitment of neutrophils and macrophages, and resultant lung injury (12) .
There are many similarities among the local injury pathways activated after acute pulmonary and renal injury and secondary lung injury. Renal ischemia/reperfusion causes apoptosis and necrosis of proximal straight tubules and inflammatory infiltration of leukocytes (13) . Early in the reperfusion period there is activation of stress-activated kinases (for example, p38 mitogen-activated protein kinase [MAPK] ) and transcription factors nuclear factor-B (NF-B) and activator protein-1 (AP-1) and induction of proinflammatory cytokines (tumor necrosis factor-␣ [TNF-␣]) and adhesion molecules (intracellular adhesion molecule-1 [ICAM-1]) (14) (15) (16) (17) . Selective inhibition of TNF-␣ (16) or ICAM-1 (18, 19) decreases acute renal injury. Similar proinflammatory, NF-B, p38, and AP-1 pathways are activated after acute lung injury (reviewed in [20] [21] [22] ) and (23) , and inhibition of NF-B (7) or p38 (24, 25) attenuates distant lung injury. However, no agent has been shown to inhibit both the local injury and the secondary lung injury. For example, the p38 inhibitor CNI-1493 partially attenuated the distant lung injury but had no effect on the underlying renal ischemia/reperfusion injury (10) .
␣-Melanocyte-stimulating hormone (␣-MSH) is an antiinflammatory cytokine that inhibits acute, chronic, and systemic inflammation. MSH inhibits renal injury from ischemia/reperfusion, cisplatin administration, or after transplantation from a marginal donor, but not after mercury administration (26) (27) (28) . The mechanism of action of ␣-MSH is broad, including inhibition of inflammatory, cytotoxic, and apoptotic pathways that are activated after renal ischemia (26, 27, 29, 30) . We previously found that ␣-MSH inhibits TNF-␣ and ICAM-1 activation at 4 hours after reperfusion (26, 27) . However, the early molecular mechanism of action of ␣-MSH is not well understood. In the ischemia/ reperfusion and other disease models, ␣-MSH inhibits the production of many cytokines, chemokines, and inducible nitric oxide synthase, suggesting that ␣-MSH acts at a step or steps common to early inflammation pathways. Recent studies have shown that ␣-MSH suppresses NF-B stimulation in brain inflammation (31) and in cultured cells exposed to LPS (31) (32) (33) . ␣-MSH also inhibits p38 MAPK in B16 melanoma cells (34) , and AP-1 DNA-binding activity in dermal fibroblasts (32, 35, 36) , but not in macrophages (32, 35) .
Therefore, we determined if ␣-MSH could decrease lung injury caused by renal ischemia and reperfusion. We also investigated the effects of ␣-MSH on early activation of transcription factors and stress gene activation in both the kidney and lung. Some the results of these studies have been previously reported in the form of an abstract (37) .
METHODS
(Detailed Methods are described in the online supplement.) Chemicals ␣-MSH was purchased from Phoenix Pharmaceuticals (Mountain View, CA). All antibodies were purchased from Cellular Signaling Technology (Beverly, MA).
Animal Model
Male C57BL/6J mice were subjected to 40 minutes bilateral renal ischemia or sham surgery as described (26, 27) . We adhered to National Institutes of Health criteria for the care and use of laboratory animals in research. Twenty-five micrograms of ␣-MSH or vehicle (0.3 ml normal saline) was given intravenously immediately before the clamps were removed (26, 29) . When reperfusion time was 24 hours, the animals were given additional ␣-MSH or vehicle at 8 and 16 hours postischemia. Blood was collected for measurement of serum creatinine (Astra 8 autoanalyzer; Beckman, Fullerton, CA).
Lung Wet/Dry Ratio
Parenchymal lung samples were blotted, weighed, and baked to obtain dry weights. The ratio of wet to dry weight was used as an indicator of pulmonary edema.
Organ Histology and Esterase Staining
Formalin-fixed and paraffin-embedded specimens were stained with hematoxylin and eosin (4 m sections) or naphthol AS-D chloroacetate esterase (3-m sections). Renal injury was measured as described (26, 27) . Lung injury was defined as increased interstitial cellularity within the pulmonary parenchyma and/or extension of cellular infiltrates into the alveolar space. Lung injury was evaluated semiquantitatively on the basis of the percentage of parenchymal area involved (1ϩ: Ͻ 10%; 2ϩ: 10-30%; 3ϩ: Ͼ 30% involvement) in five 25ϫ fields per section. Most infiltrating cells were segmented neutrophils with some additional mononuclear (macrophage) infiltrates (38) . Because the esterase stain identifies both neutrophils and macrophages (39), we use the term leukocyte below. Leukocyte infiltration was measured by counting five 25ϫ fields per section.
Tissue Myeloperoxidase Determination
Tissue myeloperoxidase (MPO) activity was assayed to monitor the degree of inflammation (26, 38, 40) . MPO activity was assessed spectrophotometrically using tetramethylbenzidine and expressed as the change in absorbance per milligram of wet weight per minute.
Reverse Transcriptase-Polymerase Chain Reaction Assay
Total RNA was isolated using TRIzol (Invitrogen, Carlsbad, CA), and reverse transcriptase-polymerase chain reaction was performed as described (27) .
Cytoplasmic and Nuclear Protein Isolation
Cytoplasmic and nuclear proteins were isolated as described (41) . Protein concentration was determined by protein assay (Pierce Chemical, Rockford, IL).
Electrophoretic Mobility Shift Assay
NF-B and AP-1 binding activities were determined by electrophoretic mobility shift assay (41) . Competition experiments were performed by preincubating nuclear proteins with 100-fold excess unlabeled consensus oligonucleotide.
Western Blot Detection of p65, p38, and Phosphorylated IB␣ Samples (10 g protein) were analyzed by Western blotting with primary antibody (1:1,000) and horseradish peroxidase-conjugated secondary antibody.
p38 MAPK Activity
Samples were immunoprecipitated with immobilized phospho-p38 MAPK (Thr180/tyr182) antibody, incubated with adenosine triphosphate (ATP) and activating transcription factor-2 fusion protein (a p38 MAPK substrate), and detected by Western blotting using a phosphoactivating transcription factor-2 (Thr71) antibody.
Phosphorylation of c-Jun
Cytoplasmic samples were incubated with immobilized c-Jun (1-89) fusion protein beads and ATP, and the phosphorylated product was measured by Western blotting using a phospho-c-Jun (Ser63) antibody.
Statistical Analysis
All data are presented as mean Ϯ SEM. Different treatments were compared using t tests or analysis of variance techniques followed by Dunnett's test. The null hypothesis was rejected when p values were less than 0.05.
RESULTS

Effect of ␣-MSH on Lung Injury after Renal Ischemia/Reperfusion
We found histologic evidence of lung injury 4 hours after renal ischemia that consisted of swollen interstitial spaces, increased interstitial cellularity, and inflammation in the alveolar space ( Figure 1B ) compared with sham-operated animals ( Figure  1A ). Treatment with ␣-MSH before release of the clamp decreased the histologic changes ( Figure 1C ). These changes were evaluated by semiqualitative histology of lung injury and lung wet/dry ratio. ␣-MSH significantly decreased lung injury ( Figure  2A ) at 4 hours after renal ischemia. Because the thickened alveolar walls suggested the presence of interstitial edema, we measured the ratio of wet to dry lung weight, a marker of lung edema ( Figure 2B ). Renal ischemia/reperfusion significantly increased lung edema at 4 and 8 hours after clamping. ␣-MSH significantly decreased lung edema at both time points.
Effect of ␣-MSH on Renal Injury after Renal Ischemia/Reperfusion
Serum creatinine was increased significantly at 4, 8, and 24 hours after renal ischemia/reperfusion as compared with the shamoperated animals. At each time point, animals receiving ␣-MSH had significantly lower creatinine levels compared with the vehicle-treated group ( Figure 3A ) and also less necrosis and fewer casts assessed by quantitative histology at the 4-hour time point ( Figure 3B ).
Effect of ␣-MSH on Leukocyte Accumulation
Previous studies have shown that renal ischemia causes leukocyte infiltration into the kidney and lung (10, 12, 13) and that ␣-MSH inhibits local leukocyte accumulation after acute inflammation and renal ischemia (42) . Chloroacetate esterase staining demonstrated increased leukocyte accumulation in the lung at 4 hours after renal ischemia/reperfusion ( Figure 1E ) compared with sham-operated animals ( Figure 1D ). Treatment with ␣-MSH before release of the clamp decreased leukocyte infiltration ( Figure 1F ). These changes were evaluated by counting esterase-positive cells in lung ( Figure 2A ) and kidney (Figure 3B ). There were increased numbers of leukocytes infiltrating into the kidney and lung at very early times after renal ischemia/reperfusion injury, and the accumulation was inhibited by ␣-MSH. To confirm this result, we measured kidney and lung MPO activity ( Figure 4 ). Renal ischemia significantly increased kidney and lung MPO activity at 4 and 8 hours after ischemia. ␣-MSH significantly decreased MPO activity at both time points in both tissues.
Effect of ␣-MSH on TNF-␣ and ICAM-1
Renal ischemia increases renal TNF-␣ and ICAM-1, and inhibition of either pathway inhibits renal injury (16, 19, 26, 43, 44) . Therefore, we determined the effects of renal ischemia and ␣-MSH treatment on lung TNF-␣ and ICAM-1 messenger RNA. We found that renal ischemia upregulated lung TNF-␣ and ICAM-1 messenger RNA measured 4 hours after reperfusion ( Figure 5 ). This upregulation was inhibited in ␣-MSH-treated animals, similar to the effect of ␣-MSH in hepatic and renal injury models (26, 45) .
Early Events after Injury and Protection by ␣-MSH
Studies of acute organ injury have shown that signaling pathways involving NF-B, p38 MAPK, c-Jun, and AP-1 are activated early in the injured organ, and inhibition of these pathways decreases local (14, 15, 17, 22-25, 38, 46-49) or distant lung (7, 11, 50) injury. We found that renal ischemia caused phosphorylation of cytosolic IB␣ in both kidney and lung within 15-30 minutes after reperfusion ( Figure 6 ). Administration of ␣-MSH just before clamp release inhibited IB␣ phosphorylation in both kidney and lung. Phosphorylation of IB␣ causes its own destruction, which allows NF-B dimers containing p65 to translocate to the nucleus. As an expected consequence of IB␣ phosphorylation, p65 appearance in the nucleus occurred rapidly in both kidney and lung and was inhibited in both organs in ␣-MSHtreated mice. The effect of renal ischemia and ␣-MSH on NF-B DNA-binding activity in kidney and lung was measured by electromobility gel shift analysis ( Figure 7) . NF-B binding activity was increased rapidly in both kidney and lung at the end of the ischemic period. ␣-MSH treatment inhibited NF-B binding activity in both kidney and lung. 
Renal ischemia/reperfusion also caused a rapid phosphorylation of kidney and lung p38, without changes in total p38 (Figure 8) . The phosphorylation of p38 was inhibited by treatment of the animals with ␣-MSH (Figure 8) . To demonstrate the activity of phosphorylated p38, we measured phospho-p38 MAPK activity. Renal ischemia rapidly increased renal phospho-p38 MAPK activity in both organs, and the activation was decreased by ␣-MSH (Figure 8) .
Renal ischemia/reperfusion also increased the ability of pulmonary and renal homogenates to phosphorylate c-Jun (Figure 9) , which was inhibited by treating the mice with ␣-MSH. Because activated c-Jun binds to AP-1 binding sites (51), we evaluated AP-1 binding activity by electromobility gel shift assay. We found that renal ischemia increased AP-1 binding activity in both organs and that this effect was inhibited in ␣-MSHtreated animals ( Figure 9 ).
DISCUSSION
We found that renal ischemia rapidly causes distant lung injury and that both renal and distant lung injury are inhibited by 
␣-MSH.
The findings expand what is known about the early molecular mechanisms of the distant lung injury after renal ischemia and the mechanisms of action of ␣-MSH. The role of inflammation in acute lung injury caused by local or distant injury is well documented (7, 9, 12, 52-54). Kramer and coworkers previously demonstrated that renal ischemia/reperfusion causes lung injury manifested by interstitial edema, alveolar hemorrhage, red cell sludging, and increased vascular permeability at Effect of ␣-MSH on cytoplasmic total p38, phosphorylated p38, and p38 mitogen-activated protein kinase (MAPK) activity after renal ischemia. Total p38, p38 phosphorylation, and p38 MAPK activity were measured 15-240 minutes after 40 minutes of renal ischemia. In some studies, animals were treated with ␣-MSH or vehicle. The kidneys were removed and the cytoplasmic proteins subjected to Western blotting with antibodies to p38 or phosphorylated p38. MAPK activity was measured by immunoprecipitating phosphorylated p38 MAPK, incubating with activating transcription factor-2 (ATF-2) fusion protein, and the phosphorylation of ATF-2 was measured by Western blotting with an antibody to phospho-ATF-2.
24 hours but not 1 hour after reperfusion (10) . In the present studies, we found that the injury can be easily detected as early as 4 hours after renal ischemia. The injury was confirmed by quantitative histology and lung edema. The very rapid onset of pulmonary injury also occurs after hepatic and hind-limb ischemia (7, 9) . We found that inflammatory cells infiltrate into the lung rapidly after renal ischemia, as measured by counting leukocytes and MPO activity. Because of the early and intense inflammation, we tested the effects of ␣-MSH. We found that ␣-MSH has a dramatic effect on lung injury, assessed by histology, quantitative histology, and lung weight. ␣-MSH inhibited leukocyte infiltration into the lung at 4 and 8 hours after renal ischemia, similar to its effects in the kidney. The effect of ␣-MSH is more striking at 8 hours than at 4 hours, perhaps because it can inhibit a number of early stress/inflammatory responses, any or all of which could contribute to the ability of ␣-MSH to decrease the progression of injury. We then studied factors that have been implicated in leukocyte infiltration in inflammation such as TNF-␣ and ICAM-1 because inhibition of either TNF-␣ or ICAM-1 reduces both local organ and distant lung inflammation and injury (11, 16, 19, 43, 55) . In the present studies, we found that renal ischemia/reperfusion increased pulmonary TNF-␣ and ICAM-1 messenger RNA 4 hours after reperfusion and that these events were inhibited by ␣-MSH. ␣-MSH caused a similar inhibition of TNF-␣ and ICAM-1 after renal ischemia or cisplatin administration (26, 27) . TNF-␣ is important in distant organ injury because antibodies to TNF-␣ reduce lung injury after hepatic ischemia (55) , and agents that decrease distant lung injury also decrease pulmonary TNF-␣ (7, 11, 25, 50) . This evidence suggests the importance of inflammation, and TNF-␣ in particular, in distant lung injury induced by ischemia or damage to extrapulmonary organs (7, 11). Some of the effects of ␣-MSH are likely to be mediated via direct effects on leukocytes. Neutrophils and macrophages express ␣-MSH receptors (56-59). ␣-MSH inhibits neutrophil migration in vitro and nitric oxide production from cultured macrophages (56, 58) . However, ␣-MSH inhibits renal ischemia/ reperfusion injury even in the absence of leukocyte infiltration (29) , suggesting that ␣-MSH may also act via leukocyte-independent pathways.
The antiinflammatory effects of ␣-MSH are reminiscent of its effects in intradermal, air-pouch, and solid organ models of acute inflammation (45) , as ␣-MSH decreased both local renal injury and distant pulmonary injury after renal ischemia. Previous studies have shown that distant lung injury can be partially attenuated by a p38 inhibitor given 1 to 2 hours before chemical pancreatitis (11) or renal ischemia (10), IL-10 given immediately before lung ischemia (7), or antibodies to C-X-C chemokines given immediately after hind-limb ischemia (9) . The p38 inhibitor partially attenuated the lung injury but not the renal injury (10) . Furthermore, the p38 inhibitor was given 1 to 2 hours before ischemia (10, 11) . In contrast, ␣-MSH administration just before reperfusion had a greater protective effect on the pulmonary injury and also inhibited the renal injury. Although the p38 inhibitor and ␣-MSH treatments were not directly compared, the combined data suggest that ␣-MSH may act locally and distantly through common mechanisms, with p38-dependent and p38-independent components.
Pathways involving NF-B, stress-regulated protein kinases (p38 and c-Jun), and AP-1 signaling contribute to tissue damage after acute renal and pulmonary injury. For example, acute renal injury increases renal NF-B binding activity (17) , p38 MAPK (14, 15) and c-Jun (14, 15, 48, 49) , and AP-1 binding activity (49) after kidney ischemia. Lung NF-B (7, 20, 21, 38) , p38 (24, 25), c-Jun (60), and AP-1 (23) are increased after acute lung injury. Whereas inhibition of NF-B (7, 38) or p38 (11, 50, 61) attenuates distant lung injury activation caused by lung transplantation, pancreatitis, hepatic ischemia or hemorrhage and LPS, the early events that cause lung injury after renal ischemia were not known. We found that renal ischemia increased renal and lung phosphorylation of cytoplasmic IB␣, p65 translocation into the nucleus, and increased NF-B binding activity that involved p65. We also demonstrated that renal ischemia increased p38 MAPK activity, increased the ability of cell homogenates to phosphorylate c-Jun, and increased AP-1 binding rapidly in kidney and lung after renal ischemia. Further evidence for a role of these pathways in renal and pulmonary injury was supplied by studies examining the effects of ␣-MSH on these pathways. ␣-MSH administration at the time of clamp release inhibited both renal and lung IB␣ phosphorylation, p65 appearance in the nucleus, and NF-B binding activity, as has been noted previously in cultured cells (31) (32) (33) 36) and in vivo brain and footpad inflammation models (31, 62, 63) . ␣-MSH administration also inhibited renal ischemia/reperfusion-induced activation of p38 MAPK, c-Jun, and AP-1 pathways in both kidney and lung. Previous studies have shown that ␣-MSH inhibition of p38 MAPK in B16 melanoma cells is responsible for the melanogenic and antiproliferative effects of ␣-MSH (34), whereas ␣-MSH inhibits IL-1-stimulated AP-1 DNA-binding activity in dermal fibroblasts (35) ; however, this effect is not widespread because ␣-MSH did not inhibit AP-1 activity in macrophages (32) . Taken together, our findings suggest rapid activation of the IB␣/ NF-B, p38, and AP-1 pathways in kidney and the distant lung after renal ischemia and their inhibition by ␣-MSH.
Distant ischemic pretreatment, which inhibits c-Jun N-terminal kinase and p38 activation, prevents subsequent renal ischemia/ reperfusion injury (14) . Unfortunately, this intervention is not a clinically viable alternative. The ability of ␣-MSH to inhibit all of these pathways might explain why ␣-MSH inhibits both kidney and lung injury in this model, a property not shared by p38 inhibition (10) . Previous drug intervention studies have focused on inhibition of single pathways (see for example [7, 25, 50] ). One limitation of this approach is that these signaling pathways can interact in a target cell once they are activated by an external signal. For example, p38 can activate NF-B (64) and also phosphorylate activating transcription factor-1 which dimerizes with phosphorylated c-Jun to form AP-1 (51). Inhibition of p38 and NF-B decreases expression of TNF-␣ and ICAM-1 (reviewed in [21, 22] ). Another possible mediator, poly-(adenosine diphosphate-ribose) polymerase-1, which can interact with both NF-B and AP-1, and can regulate the MAPK pathway, appears to be important in lung inflammation (65) . However, neither is the effect of ␣-MSH on poly(ADP) polymerase-1 known nor is it known how these inflammatory pathways directly lead to edema and other endpoints in inflammation. Because of its broad mechanism of action, ␣-MSH may not be useful to dissect out specific pathways or distinguish between early and late stages of inflammation.
Some potential targets for the later stages of pulmonary edema have been identified, such as water (aquaporin-5), sodium channels, or the sodium pump (Na/K-ATPase) (66) , as well as voltage-dependent potassium channels (67) , and these targets could also be affected by ␣-MSH. With a number of potential interacting and/or redundant pathways and downstream targets, future studies will be needed to sort out which of these pathways are essential for inflammation.
This leaves a major question of how target cells in the lung detect signals from the kidney. High levels of uremic toxins that accumulate for 48 hours after bilateral nephrectomy can cause lung damage (66) . However, the lung injury in our ischemia/ reperfusion model occurs within a few hours, before uremic toxins could accumulate. TNF-␣ had been considered a likely candidate for this distress signal; however, hepatic or hind-limb ischemia without reperfusion activates lung NF-B or chemokine synthesis (7, 9) even before serum TNF-␣ is increased (7, 9) . A growing body of evidence suggests that NF-B activation precedes and perhaps causes TNF-␣ secretion after myocardial ischemia and renal ischemia (17, 68) . Our data support this view that TNF-␣ is unlikely to mediate distant lung injury, and the mediator(s) involved remain elusive. Pulmonary NF-B binding and p38 MAPK activity dramatically increase even before the start of renal reperfusion. The ability of ␣-MSH to inhibit pulmonary NF-B and p38 at the earliest time points suggests that ␣-MSH interferes with this kidney-lung signaling pathway after the signal reaches the lung; however, we cannot eliminate the possibility that ␣-MSH is acting directly on the kidney to intercept the signal. We speculate that the signal from the kidney could be a circulating factor (such as a cytokine other than TNF-␣ or an activated coagulation factor), a neuronal response, or an accumulation of a nonuremic toxin that is normally cleared rapidly by the kidney. Conversely, a passive mechanism may be invoked where a constant signal, perhaps antiinflammatory, is produced by the kidneys, which is then interrupted during renal ischemia; this model could explain how pulmonary NF-B, p38 MAPK, and phospho-c-Jun could be upregulated 0 minutes after renal reperfusion. Recently, Raap and coworkers (69) demonstrated that ␣-MSH inhibits inflammation in response to aerosolized allergen, which establishes a direct action of ␣-MSH on the lung as a possible protective mechanism from renal ischemia/ reperfusion.
Combined acute renal and pulmonary failure has an extremely high morbidity and mortality (1) . Severe tissue injury from burns, trauma, or prolonged lower torso ischemia or complicated abdominal aortic aneurysm surgery can induce ARDS (4-6). Our current armamentarium is limited to replacing lost organ function with controlled ventilation and dialysis, preventing barotrauma, and optimizing cardiovascular function with proper volume resuscitation and inotropic support. Drug treatment lags far behind. Recently, activated protein C was shown to improve mortality in sepsis (70) . Additional strategies to prevent or treat multiorgan failure would be extremely helpful. No drugs are known to reduce both pulmonary and renal injury. We found that ␣-MSH given just before reperfusion inhibits both acute renal and pulmonary injury after renal ischemia. We demonstrated that ␣-MSH inhibits leukocyte infiltration and prevents induction of IB␣/NF-B, p38, c-Jun, and AP-1 pathways in both organs. The ability to inhibit injury in both organs, the extent of protection afforded, and the broad mechanism of action distinguishes ␣-MSH from other agents that protect against ischemia/reperfusion injury. This suggests that ␣-MSH may have important therapeutic effects in patients.
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